We point out that the gamma-ray excesses in the galactic center and in the dwarf galaxy Reticulum II can both be well explained within the simplest dark matter model. We find that the corresponding regions of parameter space will be tested by direct and indirect dark matter searches in the near future.
INTRODUCTION
The nature of the dark matter (DM) in the Universe is one of the most fascinating mysteries of modern cosmology. Unfortunately, we know little about the properties of the dark matter apart from having a very good measurement of the relic density today, Ω DM h 2 = 0.1199 ± 0.0022 [1] . Thanks to the efforts of the experimental community we also have several bounds from direct and indirect detection experiments, which are very important to constrain dark matter models.
The simplest dark matter model was proposed 30 years ago by Silveira and Zee [2] . In this context the dark matter candidate is a real scalar field which is stabilized by a discrete symmetry. This simple model can be considered as a toy model which allows to predict all the properties of the dark matter candidate once the relic density constraints are imposed. See Refs. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] for previous studies of this model.
Recently, a possible gamma-ray excess coming from the center of our galaxy has been reported, and many studies by several groups lead to the general consensus that there is such an excess [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . A recent analysis by the Fermi-LAT collaboration [37] confirms a residual emission from the galactic center. One explanation for this excess could be dark matter annihilation. This possibility has been investigated by many groups, discussing the allowed region for the dark matter mass and the annihilation cross section needed to explain the excess. See, e.g., Refs. [33] [34] [35] for recent analyses. If these results are verified by current or future experiments one could reveal some of the properties of the dark matter in our galaxy.
In this letter we investigate the possibility to account for the gamma-ray excess in the context of the simplest dark matter model. This possibility has been mentioned in previous studies where the authors concluded that it is not possible to explain the excess, see for example Ref. [15] . The study in Ref. [15] was done using only dark matter masses 60 GeV and assuming annihilation into two bottom quarks, since at that time this was thought to be the only allowed mass region for the excess.
Given the uncertainty in the background model [37] , of course no conclusive statement on the origin of the excess can be made. While the apparent excess might have some astrophysical origin not properly accounted for in the background model, the uncertainties also result in a wider range of DM masses and models being able to fit the excess. This has been explicitly discussed in, e.g., Refs. [34, 35] and it is therefore worthwile to reconsider the scalar singlet DM model in some detail and check whether this simple model can provide an explanation for the excess.
In this letter we show that it is possible to account for the galactic center excess and the excess in Reticulum II [38] in two regions of parameter space in this minimal model: in the low mass region very close to the Standard Model (SM) Higgs resonance where the dark matter annihilates mainly into bottom quarks and in the high mass region where the main annihilation channel is into two W gauge bosons. We discuss the correlation between the gamma-ray excesses and the predictions for direct detection experiments and the gamma-ray lines in both mass regions.
MINIMAL DARK MATTER MODEL
The minimal dark matter model [2] is the simplest extension of the Standard Model, since one adds only a real scalar field, S ∼ (1, 1, 0), to the Standard Model particle content. In this model the Higgs portal coupling defines both the relic density and the predictions for direct and indirect dark matter detection.
The Lagrangian of this model reads as
where H ∼ (1, 2, 1/2) is the SM Higgs and L SM is the usual SM Lagrangian. Notice that this model has only two relevant parameters for our study, the Higgs portal coupling λ p and the physical dark matter mass M S . Here M ter candidate. Different aspects of this model have been investigated by many groups, see, e.g., Refs. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
In order to facilitate the discussion in the next sections we show in Fig. 1 the branching ratios for the different annihilation channels in agreement with the full relic density. In the low mass region the main annihilation channel is into two bottom quarks, while in the heavy region the annihilation into two W gauge bosons dominates. This is crucial to understand the possibility to explain the gamma-ray excess from the center of the galaxy, which we discuss in the next section.
GALACTIC CENTER EXCESS
The existence of a possible gamma-ray excess in the center of the galaxy has been investigated by many groups [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] , and the general consensus is that one could explain the excess via the annihilation of dark matter. Here we use the numerical results presented in Ref. [35] to constrain the simplest dark matter model.
In Fig. 2 we show the allowed parameter space in the low mass region where the main annihilation channel is SS → bb. We use the range A = 0.17−5.3 to parametrize the uncertainties in the dark matter halo of the Milky Way [35] . In red we show the region excluded by the LUX experiment [39] and the gray line shows the limit for the annihilation into bb from Fermi-LAT [40] . Notice that there is a small region with the dark matter mass in the range M S = (62 − 63) GeV which is allowed by the experiments and one can explain the excess in the galactic center.
The main features of this region with the dark matter in the range M S = (62 − 63) GeV are:
• The cross section SS → γγ is very close to the experimental limit set by Fermi-LAT [41] ; see The colored regions are at the 3σ level, and we use three values for A, which parametrizes the variation in the dark matter profile [35] . The red part of the curve is excluded by LUX [39] , and the gray line corresponds to the limit from the Fermi-LAT collaboration [40] .
for more details. Therefore, this region will be tested soon.
• The relic density is set using the Higgs resonance.
Unfortunately, in this region the spin-independent DMnucleon cross section is very small and one cannot test this part of the parameter space at future direct detection experiments such as XENON1T [42] .
In the heavy dark matter region the main annihilation channel is SS → W W , and one can explain the excess in the galactic center in agreement with LUX [39] if the dark matter mass is in the range M S = (92 − 96) GeV, as we show in Fig. 3 . Notice that the allowed region is larger than in the low mass scenario.
This region has two main features:
• The spin-independent DM-nucleon cross section is large and this region can be tested or excluded by XENON1T [42] ; see the blue line in Fig. 3 .
• The main annihilation channel is W W where the branching ratio changes between 90% − 95%. This scenario is ideal to use the results from Ref. [35] .
Unfortunately, in the heavy mass region it is challenging to test this model at gamma-ray telescopes soon because the annihilation cross section into photons is small; see Ref. [21] and Fig. 4 for details. In summary, in the minimal dark matter model one can have two consistent scenarios to explain the galactic cen-
Galactic Center Excess Figure 3 . Regions in agreement with the excess in the galactic center (colored) and the annihilation cross section (black solid) in the minimal model when the dark matter mass is larger than the W gauge boson mass. The dominant channel then is the annihilation SS → W W . The colored regions are at the 3σ level, and we use three values for A, which parametrizes the variation in the dark matter profile [35] . The red part of the curve is excluded by LUX [39] , and the blue part of the curve shows the future reach of XENON1T [42] . The gray line corresponds to the limit from the Fermi-LAT collaboration [40] . ter gamma-ray excess in agreement with all experimental constraints.
GeV] 
PREDICTIONS FOR THE GAMMA-RAY LINES
Using the two regions compatible with the gamma-ray excess from the galactic center, which we discussed above, we show the predictions for the gamma-ray lines in this model in Fig. 4 . In the low mass scenario the cross section is very close to the Fermi-LAT limit [41] . In the heavy mass region the annihilation cross section into two photons is almost two orders of magnitude smaller. Now, let us discuss the visibility of these gamma-ray lines. Recently, we have investigated this issue in detail [19, 21] , pointing out the role of the final state radiation processes.
In Fig. 5 we show the gamma-ray spectrum for a dark matter mass of M S = 62.83 GeV, being in the low mass region. Then, the main contribution to the continuum close to the gamma-ray line comes from the final state radiation process SS → bbγ. See Ref. [21] for the full analytical results. In Fig. 5 one can appreciate that this gamma-ray line could be easily seen because the final state radiation is suppressed by the small bottom Yukawa coupling. Since the prediction for the cross section for this gamma-ray line is close to Fermi-LAT limit one can test this scenario in the near future.
In Fig. 6 we show the gamma-ray spectrum for the heavy mass scenario, for M S = 93 GeV. The main contribution to final state radiation in this case is due to the dark matter annihilation into W W γ. As one can see, in this scenario one could see both lines, γγ and Zγ, due to the fact that there is a large difference between the continuum and the lines. Unfortunately, in this case the annihilation cross sections to gamma-ray lines are quite
GeV] Figure 6 . Gamma-ray spectrum for a dark matter mass of MS = 93 GeV. The portal coupling λp is chosen to reproduce the correct relic density. The main contribution to the continuum close to the line is coming from the final state radiation process SS → W W γ.
below the current Fermi-LAT limit [41] .
GAMMA-RAY EXCESS AND RETICULUM II
Recently, a possible gamma-ray excess has been reported in the dwarf galaxy Reticulum II [38] ; see also Refs. [43, 44] . The energy and intensity of the excess is such that it can be possibly related to the excess from the galactic center. Here we show that it is possible to have a consistent scenario in the minimal dark matter model in both mass ranges discussed above.
In Figs. 7 and 8 we show the allowed values for the J-factor if this gamma-ray excess is explained by dark matter annihilation. In the low mass region the annihilation is predominantly to bb and in the high mass region to W W . The values for the J-factor we obtain are around 10 20 GeV 2 cm −5 in both cases. The horizontal lines show the minimal, maximal and median values for the J-factor for Reticulum II [45] . In Fig. 8 we find excellent agreement of the predicted J-factor with the estimates in Ref. [45] in the full mass range.
In Fig. 7 we show the J-factor for the low mass regime, and it turns out that it is compatible with Ref. [45] in the case the DM mass is above 62 GeV. Thus, there is a strong pull by the data from Reticulum II towards mass values in which the annihilation signal to gamma gamma is strong, see Fig. 4 .
Therefore, with this example we illustrate the possibility to explain both the gamma-ray excess in Reticulum II and the excess in the galactic center in the context of the minimal dark matter model. 
SUMMARY
In this letter we have shown that in the context of the minimal dark matter model one can have two consistent scenarios where one can explain the gamma-ray excess in the galactic center, in agreement with all other experimental constraints.
In the low mass region the dark matter mass is very close to half the Standard Model Higgs mass and through the resonance one can explain the relic density. In this case the main annihilation is SS → bb and the predic-tions for the cross section SS → γγ are very close to the experimental limits. In the heavy mass region, for M S = (92 − 96) GeV, the dark matter candidate annihilates mainly into two W gauge bosons. The interesting feature of this region is that the predictions for the spinindependent nucleon-DM cross section are in the region that can be tested by the XENON1T experiment.
We have also shown the allowed values for the J-factor for Reticulum II in order to understand the correlation between the gamma-ray excess in the center of the galaxy and the excess in Reticulum II.
Our main conclusion is that both gamma-ray excesses can be explained within the minimal model for dark matter and there is no need to do model building to accommodate these signals.
